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(71) We The Marconi Company 
Limited, a British company, of English Elec- 
tric House, Strand, London, W.C.2, do here- 
by declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to phase equaliser 
circuit arrangements and, though not limited 
exclusively to its application thereto, is 
primarily intended for phase equalisation in 
television transmitters. 

The invention seeks to provide improved 
15 phase equaliser circuit arrangements suitable 
for use for compensating for variations in the 
time taken for tie propagation of transmitted 
information, coincident with the so-called 
group delay, which is denned as the value of 
20 the ratio between the variation d^> of the 
phase angle f and the corresponding variation 
du> of the pulse <•> at the operating frequency. 

Variations in group delay as defined above 
occur whenever there is introduced into the 
25 transmitter and receiver circuits a filtering 
or equalising circuit the phase shift of which 
is non-linear with respect to frequency. 

Examples of circuits introducing variable 
group delay and customarily to be found in 
T.V, transmitters are mixer circuits clipping 
the vestigial band corresponding with the 
sound carrier and low-pass filters for suppres- 
sing the radiation of the vision signal outside 
the working band. Examples of circuits in- 
troducing variable group delay and cus- 
tomarily included in T.V. receivers arc clip- 
ping input and intermediate frequency filters 
and audio rejection circuits. 

The effect of any circuit with phase- 
40 frequency non-linearity — e.g. any circuit such 
as the examples above given — is to modify 
the transients in the modulated wave carry- 
ing the required signal information, with 
resulting deformation of the information i.e. 
in the case of television transmission, distor- 
tion of the sound and/or vision signals. 
It is common practice in television trans- 
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mission to provide for compensating phase 
equalisation to prevent signal distortion as 
above described, by providing phase equaliser 
circuits of the inductance and capacity type 
and comprising a group of switchable quad- 
ripole phase equaliser circuits each having a 
different phase equalisation characteristic and 
to switch one or more of these sections into 
circuit in dependence upon the particular 
phase equalisation characteristic required. 
Arrangements of this nature have, however, 
the important defect that they are incapable 
of continuous adjustment to provide, at any 
particular time, the particular phase equalisa- 
tion required, the said partiailar required 
phase equalisation being obtainable only by 
switching selection of the different "sections 
provided. Moreover, in practice, such switch- 
able arrangements involve the provision of a 
considerable number of sections of different 
characteristics. This is particularly the case 
with colour television transmission equip- 
ments where an unacceptably large number 
of switchable phase equaliser sections of dif- 
ferent characteristics has to be provided if 
satisfactory results are to be achieved. In 
colour T.V. transmission equipment good 
phase equalisation is particularly necessary as 
respects the colour information since here 
any alteration of the transients due to group 
delay leads to colour alterations producing 
serious and often quite unacceptable distor- 
tion in colour reproduction at the receiver. 

This invention therefore seeks to provide 
improved and simple phase equaliser circuit 
arrangements which will allow continuous 
correction of group delay within wide limits; 
which shall be adjustable in such manner as 
to enable a very close approximation to a 
linear phase-frequency characteristic to be 
obtained within the useful frequency; which 
shall not limit the frequency band of a T.V. 
transmitter or other equipment to which it 
is applied; and whose input and output 
impedances and insertion loss (i.e. signal 
attenuation) may be varied within adequately 
wide limit to allow for good impedance 
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matching with other circuits in a T.V. trans- 
mitter or receiver. 

According to this invention an adjustable 
phase equaliser circuit arrangement suitable 
5 for use for compensating for non-linear phase/ 
frequency characteristics in television trans- 
mitters and receivers includes at least one 
section comprising a T-nctwork having a 
parallel adjustable inductance-capacity circuit 
10 in the scries arm, a resistance in the shunt 
arm, an additional resistance in series in the 
series arm on the input side of said inductance 
capacity circuit and a further shunt resistance 
on the output side of said inductance-capacity 
15 circuit. 

The invention is illustrated in and further 
explained in connection with the accompany- 
ing drawings in which: — 
Figures 1 and 2 are diagrams of known 
20 quadripole section and arc provided for pur- 
poses of preliminary explanation: 

Figure 3 is a diagram of an embodiment of 
tin's invention: 

Figure 4 is an equivalent circuit related to 
25 Figure 3: 

Figure 5 shows a phase equaliser consisting 
of a number of sections each as illustrated in 
Figure 3, and interposed amplifiers. 

The known phase equaliser quadripole 
30 section 1 shown in Figure 1 is of lattice con- 
figuration. In tte unbalanced form it includes 
an LC circuit comprising an inductance 2 
and a capacity 3 between the terminals A 6c C 
and, a single diagonal connection including 
35 the resistance 4 between the terminals A & D. 
In the balanced form it also includes the parts 
shown in broken lines. 

The known section shown in Figure 2 is a 
T-:- eaten with the inductance 2 and capacity 
40 3 in parallel between terminals A &c C. The 
resistor 4 is connected between the direct 
connection 5 between terminals B & D and 
the mid-point of the inductance. 
Theoretically the sections shown in Figures 
45 1 and 2 require, for correct impedance match- 
ing, a voltage input source of zero impedance 
to be connected between the input terminals 
A cc B and a load circuit of infinite impedance 
to be connected between the output terminals 
50 C&D. The frequency band pass is substan- 
tially flat and horizontal regardless of the 
values of R, L & C (R is the value of the 
resistance) nmvided (in the case of Figure 2) 
that there is unity coupling between the two 
55 rections 2,— 2 h of the inductance on either 
side of its mid-point and provided that 
spurious inductances and capacitances are 
negligible. In the practical case, however, 
insertion loss, i.e. attenuation, exists; the in- 
60 put source is of low but not zero output im- 
pedance; and load is of high (but not infinite) 
impedance. 

Figure 3 shows an improved phase equaliser 
section in accordance with this invention. As 
65 will be seen it is also a T-scction but includes, 


in addition to the adjustable inductance 2 and 
adjustable capacity 3 and the resistance 4, the 
added resistances 6 and 7. 

The insertion Joss ft can be deduced from 
a consideration of the equivalent resistive cir- 70 
cuit shown in Figure 4 and is given by the 
equation : 

R p Rj 

R,(R„ + R.H -R.. + R. 

where R, R, and R_ represent respectively the 
values of resistors 4, 6 and 7 described above. 75 

For an insertion loss of 6 dB the values of 
the resistors are, respectively, Ri = 120 ohms, 
R : =150 ohms and R 3 = 750 ohms. In Figure 
3, G represents the input voltage source. 

The insertion loss can be made good by 80 
gain provided by an amplifier in scries with 
the section. 

Preferred equaliser arrangements in accor- 
dance with the invention comprise a plurality 
of sections as shown in Figure 3 connected in 85 
cascade with interposed amplifiers for nulli- 
fying insertion losses. Such an arrangement 
is shown in Figure 5 in which la and lb are 
sections each as shown in Figure 3 and 8a, 
8b and 8c are the inserted amplifiers. 90 

By varying the adjustable elements 2 and 3 
in the sections a ratio of variation of 1 to 4 
is readily obtainable. 

Variation of the inductance 2 will alter 
the frequency spectrum of the group delay 95 
provided and variation of the capacity 3 will 
alter both the amplitude and the frequency 
spectrum of said delay. 

By adjustment of the reactive elements 2 
and 3 therefore it is possible to obtain prac- 100 
tically any response curve, to suit the input 
signal present. 

Resistive loss in the coil used in practice to 
provide the inductance 2 will affect the pass- 
band and, therefore, it is preferred, in carry- 1Q5 
ing out the invention to provide for compen- 
sating for this by making the resistance 7 
variable e.g. as shown for the section la of 
Figure 5 by constituting it by a fixed portion 
(referenced 7) in series with an adjustable no 
portion (referenced 7a). 

It is advantageous to constitute the induc- 
tance 2 by twin conductor windings, one for 
each uf die portions on either side of the tap 
to which the resistance 4 is connected and to 115 
connect these sections in series. In this way 
a coupling factor that is substantially equal 
to unity is obtainable between the two por- 
tions. 

In the arrangement shown in Figure 5, 120 
which is suitable for use for providing phase 
equalisation in a T.V. transmitter, the am- 
plifiers provide a high input impedance and 
a low output impedance. They are D.C. 
coupled to avoid loss or attenuation of the 125 
vision signal at low frequencies. 
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In practice an arrangement consisting of 
three equaliser sections as described and illus- 
trated and four amplifiers, one at the input 
end, one at the output end and one between 
5 each two successive sections can be adjusted 
to provide adequate correction of group delay 
for the great majority of known types of tele- 
vision transmitter. 

WHAT WE CLAIM IS :— 

10 1. An adjustable phase equaliser circuit 
arrangement suitable for use for compensating 
for non-linear phase/ frequency characteristics 
in television transmitters and receivers said 
arrangement including at least one section 

15 comprising a T-network having a parallel ad- 
justable inductance-capacity circuit in the 
scries arm, a resistance in the shunt arm, an 
additional resistance in series in the series 
arm on the input side of said inductance 

20 capacity circuit and a further shunt resistance 
in the output side of said inductance-capacity 
circuit. 

2. An arrangement as claimed in claim 1 
wherein the section comprises lumped con- 

25 stant elements comprising an adjustable in- 
ductor in parallel with an adjustable capacitor 
in the series arm, a separate additional series 
resistor and a separate further shunt resistor. 

3. An arrangement as claimed in claim 2 
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wherein the inductor consists of twin windings 30 
connected in series each providing a portion 
of the inductance and with substantially unity 
coupling between them. 

4. An arrangement as claimed in any of 

the preceding claims wherein said further 35 
resistor is adjustable. 

5. An arrangement as claimed in any of the 
preceding claims 1 to 4 and comprising a 
plurality of sections in cascade and each 
successive two of which are separated by a 40 
D.C. coupled amplifier of high input impe- 
dance and low output impedance. 

6. An arrangement as claimed in claim 5 
wherein the first of the cascaded sections is 
preceded by a D.C. coupled amplifier of high 45 
input impedance and low output impedance 
and the last of said cascaded sections is fol- 
lowed by a D.C. coupled amplifier of high 
input impedance and low output impedance. 

7. Adjustable phase equaliser circuit 50 
arrangements substantially as herein described 
with reference to Figure 3 or Figure 5 of the 
accompanying drawings. 

M. J. RANTZEN, 
Chartered Patent Agent, 
Marconi House, New Street, 

Chelmsford, Essex. 
Agent for the Applicants. 
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